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FLUID DYNAMIC BEARING MECHANISM FOR A MOTOR 

BACKGROUND OF THE INVENTION 
Field Of The Invention 

[0001] The present invention relates to a fluid dynamic bearing mechanism 

for a motor, in particular, a fluid dynamic bearing mechanism suitable for motors 
such as small and thin spindle motors, that have an excellent bearing rigidity and 
rotation accuracy, can securely prevent the rotor member from dislodging under 
external vibrations and shocks and allows for verification of the amount of lubricant 
being supplied. 
Description of Related Art 

[0002] Hard disk drives in recent years have become smaller and thinner, 

and begun running faster with the increasing memory capacity of hard disks. 
Consequently, the fluid dynamic bearing mechanism is required to be more compact 
and thinner as well as to have higher bearing rigidity, rotating accuracy, and 
reliability. Therefore, various kinds of improvements have been made in order to 
respond to those requirements. 

[0003] For example, Publication of Unexamined Japanese Patent 

Application 2002-266878 discloses a fluid dynamic bearing mechanism for a motor 
having a lubricant being continuously supplied into a minute gap formed between a 
shaft member and a bearing member. A fluid seal part is formed to constitute a 
capillary structure on at least one end of a lubricant supply part in said minute gap 
for preventing leakage of said lubricant to outside. A rotating hub is attached on 
said shaft member at a location outside of said fluid seal part. An annular member is 
fitted on the shaft member at a location corresponding to the fluid seal part. An 
extending surface extending in the radial direction as well as an outer peripheral 
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surface continuing axially from said extending surface and the outer edge of said 
extending surface on one end side in the axial direction of said annular member are 
arranged close to and facing against an extending surface extending in the radial 
direction. An inner peripheral surface continuing axially from said extending 
surface and the outer edge of said extending surface form said fluid sealing part. An 
extending surface extending in the radial direction on the other end side in the axial 
direction of said annular member abuts an end surface of the rotating hub to support 
the rotating hub in the axial direction. A thrust plate is fitted on the shaft member at 
its end opposite to the position corresponding to the fluid seal part. 
[0004] Because of its constitution as described above, the bearing disclosed 

in the above publication has increased lubricant retaining space both in the radial 
and axial directions due to its fluid sealing part. Moreover, it is possible to view the 
amount of lubricant filling immediately after filling lubricant through this fluid 
sealing part, so that it is easier to adjust the amoimt of filling. Since the extending 
surface extending in the radial direction on the other end of the annular member in 
the axial direction abuts an end of the rotating hub, the rotating hub is supported 
axially so that its resistance against dislodgment as well as ease of machining and 
assembling are improved. 

[0005] Furthermore, the invention disclosed by said publication forms a fluid 

dynamic thrust bearing by virtue of the lubricant filled in the minute gaps formed 

between both axial end surfaces of the thrust plate and the inner surface of the 

counter plate. The thrust plate also preventing the entire rotating part including the 

shaft member and the rotating hub from dislodging from the bearing member. 

[0006] However, the invention disclosed by said publication is constituted in 

such a way that said fluid dynamic bearing mechanism cannot be made thinner due 
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to the presence of the thrust plate fitted on the shaft member at the end part opposite 
to the location corresponding to the lubricant sealing part. Additionally, the axial 
length of the radial dynamic pressure bearing part is also shortened thus leaving 
some room for improvement in terms of achieving higher bearing rigidity and 
rotating accuracy on smaller and thinner fluid dynamic bearing mechanisms. 
[0007] Patent 3155529 discloses a fluid dynamic bearing mechanism having 

a thmst djoiamic bearing formed by filling lubricant in a minute gap formed between 
the bottom surface of the upper wall of a rotor hub (rotating hub) and a cylindrical 
supporting member (bearing sleeve). The shaft is prevented from dislodgment by a 
ring-shaped member, which is fitted on the tip of the shaft, mating with an annular 
groove formed on a hollow part (bearing hole) of a supporting member at a location 
opposing the tip of the shaft. 

[0008] However, since the bottom surface of the upper wall of the rotor hub 

is formed as one with the slide surface that constitutes the direct thrust dynamic 
pressure bearing in this invention, the entire upper wall of the rotor hub needs to be 
build solidly, thus making it impossible to make the rotor hub thinner in this 
invention. Moreover, although the thrust plate is omitted, the ring-shaped member 
provided on the tip of the shaft still prevents the fluid bearing from being made 
smaller and thiimer. 

[0009] Unexamined Japanese Patent Application 2001-103723 discloses a 

fluid dynamic bearing for a motor consisting of a stator assembly and a rotor 

assembly supported rotatably by a radial bearing containing lubricant. An air 

induction hole is provided in said rotor assembly to allow the outside air to be 

induced into a negative pressure region generated between said rotor and stator 

assemblies due to the rotation of the rotor assembly. The air induction hole here is so 
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constituted as to allow it to be used as a hole for filling the lubricant into the fluid 
dynamic bearing part as well. Moreover, a stop ring is fitted on the tip of the 
rotating shaft in order to prevent the rotor assembly firom.dislodging. 
[001 0] Since the bearing disclosed in the above publication can alleviate the 

negative pressure in the negative pressure region formed between the stator 
assembly and the rotor assembly when the motor, which is designed flat and thin, is 
running at a high speed by inducing the outside air into the negative pressure region 
through the air induction hole, it prevents possible problems such as leakage of the 
lubricant firom the bearing, etc. The air induction hole can also be used as the 
lubricant filling hole, thereby simplifying the lubricant replenishing operation, which 
contributes to productivity and realization of a longer motor life. Moreover, the stop 
ring engages with the lower end of the radial bearing (bearing sleeve), preventing 
the rotor assembly firom dislodging from the stator assembly. 

[001 1] However, the invention disclosed in this publication has no means of 

increasing the lubricant retaining space. The invention is also indifferent to the 
prevention of the rotor hub that constitutes the rotor assembly from dislodging as 
well as to the ease of machining and assembling of components. Furthermore, since 
the thrust bearing is protruding outward from the frame's constraint (base member), 
there is still room for improvement in terms of making the fluid dynamic bearing 
mechanism thinner and flatter. 

SUMMARY OF THE INVENTION 

[0012] The object of the present invention is to solve the above mentioned 

problems and provide a fluid dynamic bearing mechanism for a motor that can be 
built smaller and thinner, achieve a high bearing rigidity and rotating accuracy built 
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into a thinner motor, protect the rotor member from extemal vibrations and shocks, 
and allow maintenance persoimel to easily check the amount of the lubricant. Such 
motor being suitable for use in a hard disk drive. 

[0013] In a fluid dynamic bearing mechanism for a motor, wherein a 

lubricant is continuously supplied into a minute gap formed between a shaft member 

and a bearing member installed relatively rotatably. The minute gap includes 

dynamic pressure grooves, and a capillary seal part is formed on one end of a 

lubricant supply part in said minute gap to prevent leakage of said lubricant to the 

outside. An annular member is fitted on said shaft member at a location 

corresponding to said capillary seal part on said shaft member side. An annular 

member on the bearing member side is provided to fit in one end surface of a 

recessed part of said bearing member at a location corresponding to said capillary 

seal part on said bearing member side. A taper or step is formed on the outer 

periphery of said annular member on the shaft member side thus reducing its 

diameter as it advances axially toward an end. A taper or step is formed on the inner 

periphery of said aamular member on the bearing member side thus reducing its 

diameter as it advances axially toward an end. The outer periphery surface of said 

amular member on the shaft member side and the inner periphery surface of said 

annular member on the bearing member side are arranged close to each other in the 

axial and radial directions thus preventing said shaft member and a rotor member 

affixed on said shaft member from disengaging from said bearing member and also 

forming said capillary seal part. Dynamic pressure grooves are formed either on the 

outer periphery surface of said shaft member or the inner periphery surface of said 

bearing member for generating a dynamic pressure to support a radial load. 

Dynamic pressure grooves are formed either on a radial extending surface in the 

5 



wo 2005/083280 PCT/US2004/026748 
axial direction on one side of said annular member on the shaft member side or one 
end surface of said bearing member opposing said extending surface to generate a 
dynamic pressure to support an axial load. 

[0014] The annular member on the shaft side is made of hardened steel and 

is abutted on an end surface of the rotor member in order to support the rotor 
member in the axial direction. A plurality of lubricant filling ports is formed evenly 
spaced on the periphery of the rotor member at the location where it faces the 
capillary seal part in the axial direction. 

[001 5] Further features and advantages will appear more clearly on a reading 

of the detailed description, which is given below by way of example only and with 
reference to the accompanying drawings wherein corresponding reference characters 
on different drawings indicate corresponding parts. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[001 6] Fig. 1 is a vertical cross section of the motor of the first embodiment. 

[001 7] Fig. 2 is a partially enlarged view of Fig. 1 . 

[0018] Fig. 3 is a vertical cross section of the motor of the second 

embodiment. 

[001 9] Fig. 4 is a partially enlarged view of Fig. 3. 

[0020] Fig. 5 is a vertical cross section of the motor of the third embodiment 

[0021] Fig. 6 is a vertical cross section of the motor of the fifth embodiment. 

[0022] Fig. 7 is a vertical cross section of the motor of the sixth 

embodiment. 

[0023] Fig. 8 is a vertical cross section of the motor of the seventh 

embodiment. 
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[0024] Fig. 9 is a vertical cross section of the motor of the eighth 

embodiment. 

[0025] Fig. 10 is a vertical cross section of the motor of the ninth 

embodiment. 

[0026] Fig. 11 is a vertical cross section of the motor of the tenth 

embodiment. 

[0027] Fig. 12 is a diagram showing various embodiments of the radial 

dynamic pressure bearing when the radial dynamic pressure bearing is formed in 
two locations in the axial direction. 

[0028] Fig. 13 is a diagram showing various embodiments of the radial 

dynamic pressure bearing when the radial dynamic pressure bearing is formed in a 
single location in the axial direction. 

[0029] Fig. 14 is a diagram showing various embodiments of dynamic 

pressure grooves for the axial dynamic pressure bearing. 

[0030] Fig. 15 is a diagram showing various embodiments of the capillary 

seal. 

[0031] Fig. 16 is a diagram showing various embodiments of the annular 

member on the bearing member side. 

[0032] Fig. 17 is a diagram of various embodiments of the structure for 

blocking the open end of the bearing hole of the bearing member. 
[0033] Fig. 18 is a vertical cross section of the fluid dynamic bearing 

mechanism for a motor of the eleventh embodiment. 

[0034] Fig. 19 is a diagram showing various embodiments of the shaft 

member. 
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[0035] Fig. 20 is a table showing various combinations of various shapes of 

dynamic pressure grooves for radial and axial dynamic pressure bearings when the 
radial dynamic pressure bearing is provided at two locations in the axial direction, 
[0036] Fig. 21 is a table showing various combinations of various shapes of 

dynamic pressure grooves for radial and axial dynamic pressure bearings when the 
radial dynamic pressure bearing is provided at only one location in the axial 
direction. 

DETAILED DESCRIPTION OF THE INVENTION 

[0037] The first embodiment (Embodiment 1) of the present invention will 

be described below. 
Embodiment 1 

[0038] Fig. 1 is a vertical cross section of a motor 1 of Embodiment 1 and 

Fig. 2 is an enlarged view of a portion of Fig. 1. In Embodiment 1, the motor 1 is a 

spindle motor used to drive a hard disk drive. A cylindrical bearing holding member 

3 provided vertically in the center of a base member 2 has mounted in it a cylindrical 

sleeve that forms a bearing member 4 of a fluid dynamic bearing mechanism. A 

bearing hole 4a formed in the center of the bearing member (sleeve) 4 rotatably 

supports a shaft member (shaft) 5 that ftinctions as the rotating shaft. 

[0039] An upper-direction reduced diameter end of shaft member 5 is fitted 

with a rotor member (rotor hub) 6 that rotates canying a disk (not shown). The disk 

is mounted on the surface of a flange part 6b of rotor member 6 and is affixed on 

rotor member 6 by means of a clamp member (not shown). A screw hole 5a is 

formed on an end of shaft member 5 for fastening the clamp member and the rotor 

member 6 onto the shaft member 5 by a screw. An open end of the bearing hole 4a 

of bearing member 4 is closed by a cover plate 7. 
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[0040] Stator 8 is affixed to the base member 2 on the outside of cylindrical 

bearing holding part 3 in the radial direction, A rotor magnet 9 is affixed on the 
outer periphery of a cylindrical member 6a of rotor member 6 facing the inside of 
stator 8. A small gap is formed between the stator 8 and the rotor magnet 9. The 
cylindrical part 6a also faces the cylindrical bearing holding part 3 in the radial 
direction. A small gap is also formed between the cylindrical part 6a and the 
cylindrical bearing holding part 3. Thus, the motor 1 forms an inner rotor type 
motor. 

[0041] A lubricant is filled continuously in a minute gap that includes a 

radial dynamic pressure bearing part 10 formed between shaft member 5 and bearing 

member 4 and a minute gap formed between the end surface of the bottom end 

surface in Fig. 1 of shaft member 5 and a cover plate 7. At the upper end in Fig. 1 is 

formed a lubricant filling part in the minute gaps, and a capillary seal part (fluid 

sealing part) 12 to prevent leakage of the lubricant to the outside. The capillary seal 

part 12 connects with said lubricant filling parts via an axial dynamic bearing part 1 1 

to be described later. Radial dynamic pressure bearing part 10 is formed in two 

locations in the axial direction as shown by symbols 10a and 10b in Fig. 1 . 

[0042] An annular member on shaft member side 13 is fitted on the reduced 

diameter end of shaft member 5 at a location that corresponds to the capillary seal 

part 12 by means of press fitting, gluing or a combination of these or welding in 

such a way as to abut the bottom end (in Fig. 1) of rotor member 6. An annular 

member on bearing side 14 is fitted on a recessed part 4b formed on one end of the 

bearing member 4 at a location that corresponds to capillary seal part 12 by means of 

press fitting, gluing or a combination of these or welding. Although the annular 

member on shaft member side 13 is substantially smaller in diameter compared to 
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the external dimension of rotor member 6, it supports the area of rotor 6 for a 
substantial distance and thereby support the thin ceiling part of the rotor member 6. 
The annular member on bearing member side 14 is preferably welded to a 
circumference wall 4c of recessed part 4b. 

[0043] A taper 13a is formed on the outer periphery of aimular member on 

shaft member side 13. A taper 14a is formed on the itmer periphery surface of 
annular member on bearing member side 14. The outer periphery surface of annular 
member on shaft member side 13 and the inner periphery surface of aimular member 
on bearing member side 14 are arranged close to each other in the axial and radial 
directions thereby forming the capillary seal part 12 that connects with the 
aforementioned lubricant filling part. Also, causing tapers 13a and 14a to be 
arranged close to each other in the axial and radial directions prevents the shaft 
member 5 and the rotor member 6 affixed on the shaft member 5 firom disengaging 
from the bearing member 4. The radial gap between the two tapers 13a and 14a 
should preferably be wider as it advances toward one end in the axial direction as 
shown in Fig. 1, Fig, 2 and Fig. 15 (5). 

[0044] In radial dynamic bearing part 10 (10a, 10b), dynamic pressure 

grooves are formed on either the outer periphery surface of shaft member 5 or the 

iimer periphery surface of bearing member 4 in order to generate dynamic pressure 

to support the load in the radial direction. Another dynamic pressure groove is 

formed on either an extending surface 13b extending in the radial direction and on 

the bottom side of the (bottom side in Fig. 1) aimular member on shaft member side 

13 or the surface of bearing member 4 that faces said extending surface 13b in order 

to generate a dynamic pressure to support the load in the axial direction. The 

lubricant is filled in the area where the dynamic pressure groove is formed and this 
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area is located between extending surface 13b and the facing surface of the bearing 
member 4 to support the axial direction load, thus forming an axial (thrust) dynamic 
pressure bearing part 1 1 . 

[0045] Therefore, when the motor 1 starts to rotate as the stator 8 is powered, 

the shaft member 5 starts rotating without contacting the bearing hole 4a, the shaft 
member 5 being supported in the radial direction by the dynamic pressure generated 
in the radial dynamic pressure bearing part 10 (10a, 10b). The aimular member on 
shaft member side 13 fitted on the shaft member 5 rotates without contacting the 
bearing member 4 being supported in the axial direction by the dynamic pressure 
generated in the axial dynamic bearing part 11. The cover plate 7 is formed thin as it 
does not receive any load in the axial direction. 

[0046] Embodiment 1, constituted as described above, provides the 

following effects. 

[0047] The third dynamic bearing of Embodiment 1 prevents the shaft 

member 5 and the rotor member 6 ft-om disengaging from the bearing member 4 due 
to external vibrations and shocks. Embodiment 1 also provides he axial dynamic 
pressure being part 11 as well as the capillary seal part 12 for the prevention of 
leakage of the lubricant to the outside by means of the combination of three 
members, i.e., the axmular member on shaft member side 13, the annular member on 
bearing member side 14, and the bearing member 4. Embodiment 1 does not require 
a ring-shaped disengagement preventing member or a thrust plate (counter plate) to 
be fitted on the shaft member 5 to prevent disengagement of the shaft member 5 
from the bearing member 4. 

[0048] Consequently, the present invention makes it possible to make the 

fluid dynamic bearing mechanism smaller and thinner, while providing a relatively 
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long straight portion for shaft member 5 and a relatively long axial length for radial 
dynamic pressure bearing part 10 (10a, 10b) in this smaller and thinner fluid bearing. 
Thus high bearing rigidity and rotation accuracy is achieved. 

[0049] Since the annular member on bearing member side 14 is welded to 

the peripheral wall 4c of recessed part 4b, the affixing strength of the annular 
member on bearing member side 14 is enhanced and is capable of securely 
preventing the shaft member 5 and the rotor member 6 from disengagement from the 
bearing member 4 due to external vibrations and shocks. 

[0050] Moreover, when the radial gap between the two tapers 13a and 14a 

increases as it advances toward an end in the axial direction, the lubricant retaining 
space is increased, which alleviates the lubricant boundary surface fluctuations in 
capillary seal part 12, thus preventing the lubricant from leaking outside. 
Embodiment 2 

[0051] The second embodiment (Embodiment 2) of the present invention 

will be described below. 

[0052] Fig. 3 is a vertical cross section of a motor 1 of Embodiment 2 and 

Fig. 4 is an enlarged view of a portion of Fig. 3. In Embodiment 2, the stmcture of 
the capillary seal part 12 of motor 1 is different from that in Embodiment 1. In 
Embodiment 2, a step 13c is provided in place of the taper 13a, and a step 14c is 
provided in place of the taper 14a. 

[0053] These steps 13c and 14c are steps formed on the outer periphery 

surface of annular member on shaft member side 13 and the iimer periphery surface 

of annular member on bearing member side 14 in the inward radial direction. 

Normally only one step is formed on these surfaces. The radial gap between a one 

half outer periphery surface portion 13d on one end in the axial direction of the step 
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13c (upper side in Fig. 3) and a one half inner periphery surface portion 14d on one 
end in the axial direction of the step 14c can be arranged either to increase as it 
advances toward one end in tlie axial direction as shown in Fig. 15 (1) through (4), 
(6) and (7) or held constant as shown in Fig. 15 (8) and (9). In either case, an 
annular groove 15 that alleviates lubricant boundary surface fluctuations in the fluid 
seal part 12 is formed (see Fig. 15 (6) through (9)). 

[0054] As Fig, 15 (1) through (4), (6) and (7) indicate that there can be 

various forms of the gap that constitutes the radial gap between the one half outer 
periphery surface portion 13d and the one half inner periphery surface portion 14d. 
The gap increases as it advances towards one end of the shaft by using combination 
of the slanting of the one half outer periphery surface portion 13d and the slanting of 
the one half outer periphery surface portion 14d. Fig. 15 (1) and (7) show cases 
where only the one half inner periphery surface portion 14d is made to increase its 
diameter as it advances toward the end in the axial direction. Fig. 15 (3) and (6) 
show cases where only the one half outer periphery surface portion 13d is made to 
decrease its diameter as it advances toward the end in the axial direction. Fig. 15 (2) 
shows a case where the above two cases are combined, and Fig. 15 (4) shows a case 
where both the one half outer periphery surface portion 13d and the one half inner 
periphery surface portion 14d are made to reduce their diameters as they advance 
toward the end in the axial direction. 

[0055] The other half outer periphery surface portion of step 13c on the other 

end in the axial direction (lower side in Fig. 3) and the other half inner periphery 

surface portion of step 14c on the other end in the axial direction are formed along 

the axial direction facing each other across a minute gap. This minute gap coimects 

with the axial dynamic pressure bearing 1 1 . 
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[0056] Although Embodiment 2 differs from Embodiment 1 in the above 

points, there is no other difference so that detailed descriptions are omitted here. 
[0057] Embodiment 2, constituted as described above, provides the 

following effects. 

[0058] The bearing of Embodiment 2 can be constituted in such a way as to 

allow a vertical play of the annular member on shaft member side 13. The vertical 
play can be easily adjusted by fonning the step 13c on the outer periphery surface of 
annular member on shaft member side 13, and the step 14c on inner periphery 
surface of aimular member on bearing side 14, and arranging the outer periphery 
surface of aimular member on shaft member side 13 and the inner periphery surface 
of annular member on bearing side 14 to be close to each other in the axial and 
radial directions and face with each other. 

[0059] Moreover, if the step 13c and step 14c are arranged in such a way that 

the radial gap between the one half outer periphery surface portion 13d and the one 
half inner periphery surface portion 14d increases as it advances toward the end in 
the axial direction, the lubricant retaining space can be increased to alleviate 
lubricant boimdary surface fluctuations in the capillary seal part 12, and thereby 
preventing the lubricant from leaking outside. If an annular groove 1 5 is formed on 
either the one half outer periphery surface portion 13d or the one half inner 
periphery surface portion 14d in order to alleviate lubricant boundary surface 
fluctuations in capillary seal part 12, the abovementioned effect can be further 
enhanced. 

[0060] In addition, the invention of Embodiment 2 can achieve all the effects 

achieved by the invention of Embodiment 1 . 
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Embodiment 3 

[0061] The third embodiment (Embodiment 3) of the present invention will 

be described below. 

[0062] Fig. 5 is a vertical cross section of a motor 1 of Embodiment 3. In 

Embodiment 3, a bearing member 4 and a cover plate 7 that blocks the open end of a 
bearing hole 4a of the bearing member 4 are made of the same material as an 
integral part so that the cover plate 7 is not an independent part. Other than that, it is 
identical to Embodiment 1. 

[0063] The construction of Embodiment 3 prevents the leakage of lubricant 

from the lubricant filling part to the outside almost completely except for the 
possibility of a slight leakage via the capillary seal part 12. Also, it simplifies the 
construction of the bearing member 4, reduces the number of components, and can 
reduce the assembly man-hours. 

[0064] The integral structure of the cover plate 7 and bearing member 4 in 

Embodiment 3 can be applied to all other embodiments that use a cover plate. 
Embodiment 4 

[0065] The fourth embodiment (Embodiment 4) of the present invention will 

be described below. 

[0066] In Embodiment 4, the aimular member on shaft member side 13 in 

Embodiment 1 is made of quenched steel and supports the rotor member 6 by 
abutting the end surface of rotor member 6. Other than that, it is identical to 
Embodiment 1. 

[0067] The construction of Embodiment 4 prevents deformation of the rotor 

member 6 when a disk is mounted on and clamped on the rotor member 6. The wall 

thickness of rotor member 6 is thin as it is used in a small and thin motor 1, but 
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because the rotor member 6 is firmly supported in the axial direction by the 
hardened aimular member on shaft member side 13 it does not deform. 
[0068] The material of the annular member on shaft member side 13 used in 

Embodiment 4 can be applied to all other embodiments where the annular member 
on shaft member side 13 is used. 
Embodiment 5 

[0069] The fifth embodiment (Embodiment 5) of the present invention will 

be described below. 

[0070] Fig. 6 is a vertical cross section of a motor 1 of Embodiment 5. In 

Embodiment 5, a plurality of lubricant filling ports 16 are formed on and to go 
through the periphery of rotor member 6 in the area facing capillary seal part 12. 
Other than that, it is identical to Embodiment 2. 

[0071] The construction of Embodiment 5 allows the filling amount of the 

lubricant to be easily checked by visually checking the boundary of the lubricant 
even after the motor is a completed product. It is also possible to add the lubricant 
through the lubricant filling ports 16, so that the quality control of the motor 1 can 
be performed more easily. The lubricant filling ports 16 formed on the periphery of 
rotor member 6 are evenly spaced so that the rotary balance of the rotor member 6 is 
not affected by the presence of the filling parts. 

[0072] The lubricant filling ports 16 of Embodiment 5 can be applied to all 

other embodiments having the capillary seal part 12. 
Embodiment 6 

[0073] The sixth embodiment (Embodiment 6) of the present invention will 

be described below. 
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[0074] Fig. 7 is a vertical cross section of a motor 1 of Embodiment 6. In 

Embodiment 6, the annular member on bearing member side 14 abuts an end of 
bearing member 4 in the axial direction, and a cap-shaped cylindrical member with a 
bottom 17 is provided to cover the bearing member 4 and the aimular member on 
bearing member side 14. The annular member on bearing member side 14 is fitted 
on the inner periphery of the opening of cylindrical member with a bottom 17 by 
means of a combination of press fitting and welding or a combination of press-fitting 
and gluing. 

[0075] The stator 8 of Embodiment 6 is different from the inner rotor type of 

Embodiments. The stator 8 is located inside, in the radial direction, relative to the 

rotor magnet 9, and is fitted on the cylindrical bearing holding part 3. The 

cylindrical bearing holding part 3 is sandwiched between the stator 8 and the 

cylindrical member with a bottom 17. Moreover, the rotor magnet 9 is affixed on 

the iimer peripheral surface of cylindrical part 6a of the rotor member 6, which is 

different firom the inner rotor type Embodiment 1. Thus, motor 1 of Embodiment 6 

forms an outer rotor type motor. The fitting of the cylindrical member with a bottom 

17 to the cylindrical bearing holding part 3 should preferably be done using a 

thermosetting glue so that there would not be any gap between them. 

[0076] An annular suction plate 18 is affixed on the surface of base member 

2 and below the rotor magnet 9, leaving a small gap firom the end of rotor magnet 9. 

The suction plate 18 pulls entire rotor in the axial direction by attracting the rotor 

magnet 9. The resultant force for the entire rotor combination is the sum of the 

gravity and the magnetic attraction in the axial direction and balances with the 

dynamic pressure generated by the axial dynamic bearing part 1 1 . Since the forces 

acting on the shaft member 5 and annular member on the shaft member side 13 are 
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in balance, the shaft member 5 and the annular member on shaft member side 13 
rotate without contacting the bottom of recess part 4b of bearing member 4. 
[0077] Although there are some other differences in shapes and structures, 

Embodiment 6 is not essentially similar to Embodiment 1 . 

[0078] Since Embodiment 6 is constituted as such, the lubricant leaking 

from the lubricant filling part to the outside is ahnost completely prevented by the 
cap-shaped cylindrical member with a bottom 17. This also makes it possible to 
manufacture the cylindrical member with a bottom 17 and the annular member on 
bearing member side 14 by press work thereby reducing the manufacturing cost of 
motor 1 . 

[0079] In addition, the invention of Embodiment 6 can achieve all the effects 

achieved by the invention of Embodiment 1. 
Embodiment 7 

[0080] The seventh embodiment (Embodiment 7) of the present invention 

will be described below. 

[0081] Fig. 8 is a vertical cross section of a motor 1 of Embodiment 7. In 

Embodiment 7, a cylindrical member 22 is provided to cover the bearing member 4 

and the annular member on bearing member side 14 from the outside in the radial 

direction. The annular member on bearing member side 14 is fitted on the opening 

of cylindrical member 22 on an end in the axial direction (upper side in Fig. 8), and 

a cover plate 7 is fitted on the opening of cylindrical member 22 on the other end in 

the axial direction (lower side in Fig. 8) to block the open end side of bearing hole 

4a of bearing member 4. The cover plate 7 has a diameter larger than that of the 

cover plate 7 used in Embodiment 1. In comparison with Embodiment 6, 

Embodiment 7 is equivalent to a case where the bottom wall of cylindrical member 
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with a bottom 17 of Embodiment 6 is removed and replaced with the cover plate 7, 
which is now a separate component. 

[0082] Since Embodiment 7 is constituted as such, it is possible to configure 

the cylindrical member 22, the annular member on bearing member side 14, and the 
cover plate 7 in shapes that can be manufactured by press work, and cause the 
bearing member 4 and the cylindrical member 22 to have simpler structures, and 
thereby to reduce the motor manufacturing cost. 

[0083] In addition, the invention of Embodiment 7 can achieve all the effects 

achieved by the invention of Embodiment 1 . 
Embodiment 8 

[0084] The eighth embodiment (Embodiment 8) of the present invention will 

be described below. 

[0085] Fig. 9 is a vertical cross section of a motor 1 of Embodiment 8. In 

Embodiment 8, the annular member on the bearing member side 14 and the 

cylindrical part 22 of Embodiment 7 are made as an integral part made from one 

material. Also, in Embodiment 8, the annular member on the shaft member side 13 

and shaft member 5 of Embodiment 7 are made an integral part made from one 

material. A new flanged cylindrical part manufactured in such a manner is 

identified with symbol 23. A flange portion 23 a on one end in the axial direction 

(upper side in Fig. 11) of the flanged cylindrical member 23 functions similar to the 

aimular member on bearing member side 14 and forms the capillary seal part 12. 

[0086] In this flanged cylindrical member 23, tiie wall thickness except the 

flange portion 23a is made slightly thicker as compared to the same in Embodiment 

7. However, it is also possible to manufacture the flanged cylindrical member 23 

having the same shapes as that of the annular member on bearing member side 14 
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and cylindrical part 22 in Embodiment 7, and using a single material. Other than 
that, the flanged cylindrical member 23 is identical to Embodiment 7. 
[0087] Since Embodiment 8 is constituted as such, it uses a smaller number 

of components, and thus can reduce the man-hours required for assembly. 
Furthermore, since the manufacture of the part that corresponds to aimular member 
on the bearing member side 14 and the part that corresponds to cylindrical member 
22 can be done by press work, the manufacturing cost of the motor can be reduced. 
Embodiment 9 

[0088] The ninth embodiment (Embodiment 9) of the present invention will 

be described below. 

[0089] Fig. 10 is a vertical cross section of a motor 1 of Embodiment 9. In 

Embodiment 9, an annular member with a sleeve on the bearing member side 14a 
forms the capillary seal part 12, and a sleeve part 14e of said annular member with a 
sleeve on bearing member side 14a is fitted on a reduced diameter end 4d of bearing 
member 4 by press-fitting, gluing, or the combination of them, or welding, and an 
annular part 14f faces annular member on shaft member side 13. 
[0090] The outer periphery surface of the aimular member on shaft member 

side 13 and the inner periphery of annular part 14f of annular member with a sleeve 
on bearing member side 14a are arranged to face with and be close to each other in 
the axial and radial directions, thus preventing the shaft member 5 and rotor member 
6 affixed on said shaft member 5 from disengaging from the bearing member 4 and 
at the same time forming the capillary seal part 12. 

[0091] Moreover, a shallow dish-like member 19 is provided to cover 

another reduced diameter end 4e of bearing member 4, and a middle part 4f of the 

bearing member 4, having an enlarged diameter, is fitted on the cylindrical bearing 
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holding part 3 of base member 2. The dish-shaped member 19 is fitted on the other 
reduced diameter end 4e by means of press-fitting, gluing, or the combination of 
them, or welding. Other ttian that, Embodiment 9 is identical to Embodiment 6. 
[0092] Since Embodiment 9 is constituted as such, the annular member with 

a sleeve on bearing member side 14a and dish-like member 19 nearly completely 
prevent the lubricant fi:om leaking firom the lubricant filling parts to the outside. 
More specifically, lubricant leakage fi:om the contact area between annular member 
with a sleeve on bearing member side 14a and bearing member 4 as well as from the 
contact area between the dish-like member 19 and the other end surface of the 
bearing member 4 is prevented. 

[0093] Moreover, as the middle part with an enlarged diameter 4f is fitted on 

the cylindrical bearing holding part 3 of base member 2, it is possible to fit parts of 
higher precisions together, thus making it easier to hold the accuracy of the tilting of 
the shaft (shaft member 5) of motor 1 and improve the rotation accuracy ftirfher. 

Embodiment 10 

[0094] The tenth embodiment (Embodiment 10) of the present invention will 

be described below. 

[0095] Fig. 11 is a vertical cross section of a motor 1 of Embodiment 10. In 

Embodiment 10, the annular member on shaft member side 13 and shaft member 5 
of Embodiment 9 are made of the same material as an integral part. Other than that, 
Embodiment 10 is identical to Embodiment 9 Since Embodiment 10 is 

constituted as such, it uses a smaller number of components, and thus can reduce the 
man-hours required for assembly. 
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[0096] The integral structure of the annular member on shaft member side 13 

and shaft member 5 used in Embodiment 10 can be applied to all other embodiments 
where the annular member on shaft member side 13 is used. 
Embodiment 1 1 

[0097] The eleventh embodiment (Embodiment 11) of the present invention 

will be described below. 

[0098] Fig. 18 (1) through (3) show various vertical cross sections of a 

portion of a motor of Embodiment 1 1 . In Embodiment 1 1 , a coimecting passage 20 
is formed to connect the capillary seal part 12 with Ihe minute gap between the other 
end surface (bottom surface in Fig. 18) of the bearing member 4 and dish-like 
member 19, or the minute gap formed between the other end surface of the bearing 
member 4 and cylindrical member with a bottom 17. 

[0099] The connecting passage 20 can be provided in the inside of bearing 

member 4 as shown in Fig. 18(1) and (2), or can be formed in such a way as to have 

a single or a plurality of grooves formed on the outer periphery surface of bearing 

member 4 in the axial direction. The groves are covered by the cylindrical member 

with a bottom 17 as shown in Fig. 18 (3). The coimecting passage 20 shown in Fig. 

18 (1) is formed close to the minute gap where the axial dynamic bearing 11 is 

formed, while the connecting passage 20 shown in Fig. 18 (2) is formed directly 

facing the starting area of the capillary seal part 12. Other features of this 

embodiment are identical to Embodiment 6 or Embodiment 9 depending on whether 

the cylindrical member with a bottom 17 is used or the dish-like member 19 is used. 

[00100] Since Embodiment 11 is constituted as such, the reliability of the 

bearing can be improved. Air tends to remain in the minute gap between the other 

end surface (tip surface) of shaft member 5 and the cylindrical member with a 
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bottom 17 or the dish-like member 19. Air also tends to remain in the minute gap 
between the other end surface of bearing member 4 and the cylindrical member with 
a bottom 17 or the dish-like member 19. This trapped air is vented to the outside 
through the communicating passage 20 and capillary seal part 12, and negative 
pressure generating regions are eliminated from the entire range of the lubricant 
filling part. 

[00101] The communicating passage 20 in Embodiment 11 can be applied to 
all the embodiments where the dish-like member 19 or cylindrical member with a 
bottom 17 is used. 

[001 02] As to the constitutions of radial dynamic pressure bearing part 10 and 
axial dynamic pressure bearing part 11, various forms of embodiments are possible 
depending on the number of places where they are* formed and the differences in the 
shapes of the dynamic grooves. 

[00103] Fig. 12 and Fig. 13 are diagrams prepared for the convenience of 
comparing configurations of various types of embodiments of radial dynamic 
pressure bearing 10. 

[00104] Fig. 12 shows various embodiments when radial dynamic pressure 
bearing 10 is provided in two locations in the axial direction. In the case of radial 
dynamic pressure bearing 10 of Fig. 12 (1), both the upper (in Fig. 12) radial 
dynamic pressure bearing 10a and the lower radial dynamic pressure bearing 10b 
have dynamic pressure grooves consisting of symmetric herringbone grooves, while 
the dynamic pressure grooves of the upper radial dynamic pressure bearing 10a are 
larger in physical size than the dynamic pressure grooves of the lower radial 
dynamic pressure bearing 10b. 
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[001 05] In case of radial dynamic pressure bearing 10 of Fig. 12 (2), the upper 
radial dynamic pressure bearing 10a in Fig. 12 has dynamic pressure grooves 
consisting of asymmetric herringbone grooves, while the lower radial dynamic 
pressure bearing 10b has dynamic pressure grooves consisting of symmetric 
herringbone grooves. The dimensions of both dynamic pressure grooves are 
substantially identical to those of Fig. 12 (1). 

[00106] In the case of radial dynamic pressure bearing 10 of Fig. 12 (3), both 
the upper radial dynamic pressure bearing 10a and the lower radial dynamic pressure 
bearing 10b in Fig. 12 have dynamic pressure grooves consisting of multi-arc 
grooves 21. The dynamic pressure grooves of the upper radial dynamic pressure 
bearing 10a are larger in physical size than the dynamic pressure grooves of the 
lower radial dynamic pressure bearing 10b. The dynamic pressure grooves 
consisting of multi-arc grooves 21 as shown in the plan view of the assembly of 
shaft member 5 and bearing member 4 included in Fig. 12 (3) consist of a plurality 
of grooves having multiple arcs in the cross section extending in the axial direction. 
[00107] Next, Fig. 13 shows various embodiments when radial dynamic 
pressure bearing 10 is provided in only one location in the axial direction. Radial 
dynamic pressure bearing 10 of Fig. 13 (1) has dynamic pressure grooves consisting 
of symmetric herringbone grooves. Radial dynamic pressure bearing 10 of Fig. 13 
(2) has dynamic pressure grooves consisting of asymmetric herringbone grooves, 
and radial dynamic pressure bearing 10 of Fig. 13 (3) has dynamic pressure grooves 
consisting of multi-arc grooves 21 (see Fig. 12 (3)). 

[00108] Fig. 14 shows various embodiments of dynamic grooves used in axial 

dynamic pressure bearing 11. Dynamic pressure grooves of axial dynamic pressure 

bearing 1 1 shown in Fig. 14 (1) consist of spiral grooves. Dynamic pressure grooves 
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of axial dynamic pressure bearing 11 shown in Fig. 14 (2) consist of symmetric 
herringbone grooves, and dynamic pressure grooves of axial dynamic pressure 
bearing 1 1 shown in Fig. 14 (3) consist of asymmetric herringbone grooves. In these 
drawings, the black areas represent the bottoms (valleys) of the grooves, while the 
white areas represent the hills. 

[00109] Fig. 20 and Fig. 21 show various combinations of various dynamic 
pressure grooves used for radial and axial dynamic pressure bearings shown in Fig. 
12 through Fig. 14. These are divided into cases in which radial dynamic bearing 10 
is formed in two locations in the axial direction and cases in which radial dynamic 
bearing 10 is formed in only one location. A prototype fluid dynamic bearing 
mechanism for motor 1 with the seventh combination in Fig. 20 that has radial 
dynamic pressure bearing 10 provided in two locations on the shaft in axial direction 
was manufactured and tested and showed good rotation accuracy. 
[00110] Annular member on the bearing member side 14 can also have 
various configurations. These variations have been described in Embodiments 1, 6, 
8, and 9. Figs 16 (1) through (4) show these variations in an easily comparable 
format. 

[001 11] The blocking of the open end of bearing hole 4a of bearing member 4 
can be configured in various ways. These variations have been described in 
Embodiments 1, 3, 6, 7, and 9. Figs 17 (1) through (5) show these variations in an 
easily comparable format. 

[00112] Furthermore, shaft member 5 can also have various configurations. 

Figs 19 (1) through (6) show these variations in an easily comparable format. Figs. 

19 (1) through (3) show shafts of the types having a separating groove 5c for 

separating vertical radial dynamic pressure bearing 10a firom 10b on the outer 
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periphery surface of the middle section of shaft member 5. Fig. 19 (1) shows a shaft 
having a reduced diameter part 5b on one end of bearing member 5, where the 
annular member on shaft member side 13 is fitted. Fig. 19 (2) shows a straight shaft 
without reduced diameter part 5b. Fig. 19 (3)shows a shaft having the annular 
member on shaft member side 13 and shaft member 5 as an integrated piece. 
[001 1 3] Also, Fig. 19 (4) through (6) show shafts having no separating groove 
5c for separating the vertical radial dynamic pressure bearing 10a from 10b on the 
outer periphery surface of the middle section of shaft member 5. Of these. Fig. 19 
(4) shows a shaft having a reduced diameter part 5b on one end of bearing member 
5, where the annular member on shaft member side 13 is fitted. Fig. 19 (5) shows a 
straight shaft having the same diameter for the entire length. Fig. 19 (6) shows a 
shaft having annular member on the shaft member side 13 and shaft member 5 as an 
integrated piece. 

[001 14] The present invention is not limited by the embodiments or examples 
shown above and can be modified within its basic parameters. While preferred 
embodiments of the invention have been described, various modifications will be 
apparent to one skilled in the art in light of this disclosure and are intended to fall 
within the scope of the appended claims. 
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